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[57] ABSTRACT 

A synchronous first-in, first-out ("FIFO") having an 
alterable buffer store includes a dual-ported, random 
access memory ("RAM") based memory device incor- 
porating conventional "empty" and "full" flags while 
also providing an alternate mode of operation in which 
the inhibiting effects of the "empty" and "full" flags are 
disabled whereby information contained within the 
FIFO may be modified before being read out. The alter- 
nate mode of operation is particularly useful in asyn- 
chronous transfer mode ("ATM") networking applica- 
tions. 
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SYNCHRONOUS FIFO HAVING AN ALTERABLF ^ ™ emor >' is em Pty, a read cycle 

BUFFERSTORE 1S ^ b " ed ™ ta " least one data en try has been written. 

On the other hand, a "full" flag indicates that the 
BACKGROUND OF THE INVENTION s wnte and read counts are at a maximum distance apart, 

inr.uNvtrsiiUN 5 whlc h implies that a full load of data has been written to 

IHe present invention relates, in general, to a syn- the FIFO and has not yet been read out The full flao- 
chronous first-in, first-out ("FIFO") having an alterable therefore, prevents writing while full, a data overflow 
buffer store. More particularly, the present invention condition. If the memory array is full a write cvcle ic 
S A eS M"^li Ual " POrt ^ nm ?° m aCCCSS mem0ry ,„ until at least one data entry has 

working applications. ™A , ° * ful1 - ^^fore, th e flag status of the 

FIFOs are integrated circuit ("IC") devices which lrf?J * fT™ 1 ^ difference ^t^ 11 Point- 
mtegrateamemoryarray.suchasdual-Wedmemor;, 20 ^S.W.f"^ Value - Resettin S the FIF ° 
with associated on^hip logic which may be utilized 'm ^ W ? ml,zss the , addres s pointers to address zero, 
a wide variety of data buffering applications such as , P !f „ , fla8S " are conventionally known 

graphics, disk controllers and communication net- ^, Pr0 f^ a „ 6 ahnost empty " ^ programmable 
works. A FIFO memory's function allows quick write a™ 0 " tm fla gs which are user programmable to 
and read bursts to minimize the time spent by a central 25 P rovide a P reset offset before the empty and full condi- 
processing unit ("CPU") when communicating with ti0nS arereached l ° provide early warning to the user of 
slower circuit elements thereby allowing the highest approaching states of fullness or emptiness. In conven- 
performance on the computer bus. FIFO's may also be tlonal FIFOs > multiple write enables and read enables 
used to enhance the throughput of time-critical systems are P rovided t0 be utilized at reset times to configure 
developed for digital signal processing ("DSP"). Typi- 30 the FIF0 t° r programmable flags, 
cal applications may involve allowing high speed SUMMARY OF top tmvchtiam 

throughput between DSP's in pipelined and parallel . ° F THE INVENTION 

applications, supporting communications between a Provided herein is a synchronous FIFO having a 
DSP.and a host processor and buffering data between conventional mode of operation as well as an alternate 
mismatched processor speeds and the buses. Typically, 35 mode of operation in which the inhibiting effects of the 
FIFO buffer memories allow the matching of multiple empty and full flags may be disabled for effective use in 
asynchronous systems whereby one system is operating alterable buffer store applications, such as ATM net- 
at a significantly different clock frequency than another working. In use as an alterable buffer store, selected 
in order that data from one system may be temporarily information contained within the FIFO may be modi- 
stored before being read out for processing. Character- 40 fled before being read out. Use of this alternate mode of 
istically, the length of the FIFO is determined by the operation is of particular utility in ATM networking 
difference in clock rates and the amount of data to be where data is of a fixed size and the first few bytes of the 
buffered. When utilizing a dual-ported RAM, conven- stored data, which may represent address values and 
tional FIFOs allow simultaneous access to the memory cyclical redundancy check ("CRC") code may be 
through two independent "write" and "read" ports. 45 modified after a table lookup is performed prior to beine 
5since the data is always contiguous, an address bus is retransmitted. ' 

not needed and data is read out in the same order in What has been provided, therefore is a first-in first 
which it was received out memory device including a memory array where 

In a synchronous FIFO, data may be clocked into the device has input and output registers thereof resoec- 
and out of renters which buffer the actual memory 50 tively coupling an input data bus and output data bus of 
array so that shorter data setup and hold times are the device to the memory array The first-in first out 
possible than with asynchronous FIFOs. Synchronous memory device includes write control logic responsive 
FIFOs also provide easier integration into synchronous to a write enable signal for transferring date on the input 
systems Writing ; and I reading operations are controlled data bus to the input register for writing to a first prede- 
by write" and "read" enables, while the "write" and 55 termined location in the memory array A cSSd- 
read" clocks may be either the same or different fre- ing read control logic is responsive to a read eSe 
quencies or have differing phase relationships. signal for transferring data from a m^TdiS 

^T^eT 1 *« T 1 ^" « P- mined location in the memory a^y to tiie output regis- 

vided to give the user information on the status of the ter for reading on the output data bus Flag lorifL 
memory array. In dual-ported RAM arrays, dedicated 60 responsive to the write control logic and the Ld icon 
wnte and read address pointers are utilized, and the flag trol logic for indicating when the memo^aTis Zl 

STtK 1 ^" ^ fr ° m ^ ° r Cmpty - Fkst means m P rovid <= d for the 

rmg The empty" flag mdicates that the read and write write control logic and the read controiToSc m rl 

2rtd X ** T t ^ * automaticaU y «" S P°** to a respective full or empty mdicatioffrom the 



12/29/2001, EAST Version: 1.02.0008 



5,406,554 

3 4 

Further provided herein is a data switching system FIG. 1 operating in their alternate mode of operation in 
for coupling an input data bus to an output data bus an ATM header processing system, 
wherein the system includes a plurality of memory DESCRIPTION OF A PRFFFRPFn 
devices in which data may be selectively modified in UbbUlKllON OF A PKEFERKED 
any of the devices. The data switching system com- 5 EMBODIMENT 
prises a first memory device coupled to the input data With reference now to FIG. 1, a first-in, first-out 
bus for writing in input data to a first memory array. A dual-ported memory ("FIFO") 10 is shown. In the em- 
second memory device is coupled to a modification data bodiment shown, FIFO 10 is described with respect to 
bus for overwriting selected data in the second memory a synchronous or "clocked" programmable device al- 
array with modified data. A third memory device is 10 though the use of the present invention with other types 
coupled to the output data bus for reading out output of FIFO's is contemplated. The core of FIFO 10 is a 
data from a third memory array to the output data bus. dual-ported complementary metal oxide semiconductor 
The data switching system may also incorporate a mul- ("CMOS") random access memory ("RAM") desig- 
tiplexer system which selectively couples the input and nated as memory array 12. 

modification data buses to the first, second and third 15 FIFO 10 couples an input data bus 14, comprising, for 

memory devices. The multiplexer system couples the example, a number of data lines D0-D8, to an internal 

input data bus and the modification data bus to the first m P ut register 16 - Data input to FIFO 10 on input data 

and second memory devices respectively at a first pre- bus 14 is read into memory array 12 by means of input 

determined time, to the third and first memory devices register 16. Input register 16, in conjunction with write 

respectively at a second predetermined time and to the 20 control ^gic 22 receives as input a sig nal on w rite clock 

second and third memory devices respectively at a third ("WCLK") line 26, wnte enable 1 ("WEN1" ) line 28 

predetermined time. md wnte enable 2 ( WEN2") line 30. Output of write 

Further provided is a method for data switching ? ontrol lo & c 22 mcludes a lo & c si S<^ 32 for 

between an input data bus and an output data bus which „ m P ut t0 T* 1 ** 0 ™* 1 24 md fla S }°& c 34 

comprises the steps of writing in data from the input 25 . In P ut ^ J$£*° C °" P . led t0 ° ffset re ^ ter 36 

data bus to a first memory device, modifying data in a a 1( ffL [ *f ) line 40 input for proving an 

second memory device and reading out data from a f^L S ^f 38 * fl * g ^ ^t™ T Y ^ tled 

third memory device to the output data bus. The data 30 f£ d ve * y may * referred to^ 

... . • ' j - /• , WEN2/LD line 30. Additionally, a reset input ("RE 

switching method of the present mvention may further , n cct»\ eyi r j » »i • «■ J F 

, j X » c ji j-r • j » • .... c * 30 SET ) 54 is applied to reset logic 56 generating a reset 

mclude the steps of secondly modifying data in the first „:,„./ n- =or - . ■ 

ji j- » j . r .t. signal on reset signal line 58 for input to write pointer 24 

memory device, secondly reading out data from the and read po;,,^ 44 

second memory device to the output data bus and se- n . f , ■ „., ,' • . „ 

,. ... . . ^ , A • » j . u . »i. Data previously wntten mto memory array 12 may 

condly wntmg m data from the input data bus to the be read QUt b means of ^ J „ c * * 

third memory device. In accordance with a further 35 internal output bus 20. Internal output bus 20 is coupled 

me hod of the Present mvabn, the data switching t0 out t data bus w risin for k ou ^, ut 

method may further mclude the steps of thirdly reading ^ Q0 _ Q8> thr h Qut t buffer ^ M controIIe / by 

out data from the first memory device to the output data m output enable ( .. g g„ ) ^ 62 Q fe . ^ ,„ ^ 

bus, thirdly wntmg m data from the input data bus to receives „ ^ t a read dock ( " RC LK") line 46, a read 

the second memory device and thirdly modifying data 40 enaHe Vpointerreset ("RInT/PRS") line 48 and a 

m the third memory device. read enable 2 ("REN2") line 50 which are also supplied 

BRIEF DESCRIPTION OF THE DRAWINGS 35 m P ut t0 read control logic 42. Read control logic 42 

m , ,. „ supplies a read logic signal on read logic signal line 52 to 

The aforementioned and other features and objects of flag logic 34 ^ read pomter 44 

the present invention and the manner of attaining them 45 p^g logic 34 supplies as outputs of FIFO 10, signals 
will become more apparent, and the invention itself will on flag ("EF") line 66 full flag ("FF") line 68 

be best understood by reference to the following de- programmable almost empty flag ("PAE") line 70 and 
scnption of a preferred embodiment taken m conjunc- programmable almost full flag ("PAF') line 72. 
tion with the accompanying drawings, where: FIFO 10 comprises a storage device that allows data 

FIG. 1 is a simplified, logic block diagram of a syn- 50 to be read from memory array 12 in the same order in 
chronous FIFO in accordance with the present inven- which it is written. Nine pins of the integrated circuit 
tion which may be utilized, in an alternate mode of comprising FIFO 10 are used for data input (D0-D8) to 
operation, as an alterable buffer store in which informa- mput data bus 14 and 9 pins are used for data output 
tion contained within the FIFO may be modified before (Q0-Q8) on output data bus 64. There are separate 
being read out; 55 clocks for both the write and read functions and dual 

FIG. 2 is a simplified, logic block diagram of the enables for each clock. One of the write and read ena- 
control logic for the FIFO of FIG. 1, showing how the bles serve multiple functions and ar e used to set up the 
alternate mode of operation is implemented, in order FIFO 10 configuration. There is a RESET 54 line to 
that the inhibiting function of the full and empty flags is reset FIFO 10 and an output enable ("OE") 62 that can 
defeated to provide an alterable buffer store and further 60 be used to put the data output pins into a three-state 
showing how the pointer reset is implemented as part of mode. An empty flag signal on EF line 66 indicates 
the alternate mode of operation; when the read and write cycle counts are equal, and 

FIG. 3 is a simplified, logic block diagram of the normally inhibits the ability to read from FIFO 10. The 
synchronous FIFO of FIG. 1 in which the data input full flag signal appearing on FF line 68 indicates when 
bus and data output bus may be expanded in width in 65 the read and write cycle counts are separated by a value 
certain applications; and equal to the size of the memory array 12 of FIFO 10 and 

FIG. 4 is a simplified, logic block diagram of a data normally inhibits the ability to write to a device. The 
switching system incorporating three of the FIFOs of almost empty and almost full flags appearing on PAE 
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line 70 and PAF line 72 respectively are programmable written into the input register 16 on every rising edge of 

as to their assertion offset from the empty and full flags. WCLK on WCLK line 26, as long as the FIFO 10 is not 

In an alternate mode of operation as will be more fully full ( m normal operation). If the FIF O 10 is set up in a 

described hereinafter, the inhibiting effects ofthe empty programmable flag mode, then when WENl is low and 

and full flags appearing on EF line 66 and FF line 68 5 WEN2/LD is low, data is written into the offset register 

respectively can be disabled. 3$. In the alternative mode, the state of FF on FF line 68 

In the embodiment of FIFO 10 described and shown, does not affect the ability to write to the input register 

positive logic is used in the following descriptions of the 145, 

pin functions. A logic "low" corresponds to Boolean 

logic "0." A logic high corresponds to a Boolean "1." 10 WEN2/LD 

D8-D0 WEN2/LD is a dual-p urpose i nput on WEN2/LD 

<yt t , „ . _„ r . ^ . . „ , line 30. If it is high when RESET goes low on RESET 

The input data on puis D8-D0 of input date bus 14 line 54, then this input operates as a second write enable, 

are registered into the input register 16 by the nsing Md must ^ y h t owrited ata mto the FIFO 10 . If this 

edge of WCLK o n WCLK line 26 when the write ena- 15 ;„„.,♦ ;,. 1™ „£„ BP nr T „„ M . t , ■ ■ " . 

wcui 1™ "jq a a wcvii/rri r nn input is low when RESET goes low, then this input is 

ble(s) on WENl line 28 and WEN2/LD line 30 are „„ „ » 1 r 1 j- j- , 

\1 - , ,-• ' ,„,- , operated as a control for loading or reading the offset 

asserted, and the memory array 12 is not full (m normal « f „, f . „„ , 7 „ « ~ . 

operation). The data is then transferred to the location thfwav w£n W^frT 1 ' T lf ff C0 f^ Ted 
in memory array 12 pointed to by the write pointer 24. ^™L^?^Q£$t" f^T* 
When configured for programmable flags^ :he data 20 36 Can „ b f Wn " 6 " l*? 1 ^? 1 0 S , / ^ e , 28 15 low ' 
array 12 on §ns D7-D0 of input data bus 14 is loaded ° r rea ? fr0 f * b °^ N1 < &££?. 1/P *? l ™ 48 (m 
into the offset register 36 on t he risin g edge of WCLK n0rnud mode) and REN2 on lme 50 are low - 
on WCLK line 26 when both WENl on WENl line 28 Q8-Q0 
and WEN2/LD on WEN2/LD line 30 is low. In the » {J . t 

alternate mode, the state of FF on FF line 68 does not 25 ™ e 9 blts ° f data from the locatlon P omted t0 b y the 

affect the ability to write into the input register 16. read p0mter 44 18 0Ut P ut to the out P ut "SB*" 18 on the 
nsmg edge ofthe read clock on RCLK line 46 when the 

RESET read enable(s) are asserted, and the FIFO 10 is not 
When RESET on RESET line 54 is taken low, the empty (in normal operation). The data becomes avail- 
internal read and write pointers 44, 24 are set to the first 30 able t0 out P ut ^ bus 64 when OE on OE line 62 is 
location of the memory array 12, the output register 18 low " ^ fu " st word wntt en into an empty FIFO 10 can 
is set to all zeroes, and the offset register 36 is set to the ^ read out °?_* e 6151 "S" 1 ? ed S e of RCLK after EF 
default value of seven. The read and writecycle count- goes w 8 n on EF ^ 66 (in normal operation). In the 
ers are rese t, which causes the em pty EF and almost alternate mode, the state of EF does not affect the abil- 
empty PAE flags onEF line 66 and PAE line 70 to go 35 itv to read data mto the output register 18. In the pro- 
low, and tie full FF and al most fu ll PAF flags to go grammable mode, when WEN2/LD on WEN2/LD line 
high on FF line 68 jmd PAF line 72. Holding 30 311(1 the read enable(s) are low, the values stored in 
WEN2/LD on WEN2/LD line 30 low when RESET the offset register 36 are output on successive rising 
goes low on RESET line 54 will put the device in the ed §es of RCLK to output data bus 64. When OE is high, 
progra mmable flag m ode of oper ation. Ho lding RENT 40 Q8-Q0 on output data bus 64 are high-impedance, or 
low on REN1 /PRS line 48 when RESET goes low on three-state. 
RESET line 54 will put the device in the alternate mode p n if 
of operation where the inhibi ting e ffect of the flags is 

disabled and REN1 becomes PRS, a pointer reset on Data is read into the output register 18 from the mem- 

REN1/PRS line 48. These modes are not persistent and 45 orv array 12 at the location pointed to by the read 

will revert to normal, non-p rogramm ab le opera tion on pointer 44 on the rising edge of RCLK on RCLK line 

the next reset. A reset using RESET on RESET line 54 *6 when the read enable(s) are low, and the FIFO 10 is 

must be done after powering up to initialize the write not empty (in normal operation). In the alternate mode 

and read pointers 44, 24 and counters and the offset of operation, the state of EF on EF line 68 does not 

register 36. 50 affect the ability to read. RCLK on RCLK line 46 is 

W _, T nominally 50% duty cycle, and can be asynchronous or 

WCLK coincident with WCLK on WCLK line 26. If the sepa- 

The write clock signal WCLK on WCLK line 26 ration between the two clocks is less than the specified 

registers the data on D8-D0 of input data bus 14 into skew, flag assertion/de-assertion will be delayed an 

the input register 16 on its rising edge when the write 55 extra cycle. 

enable(s) (WENl and WEN2) are asserted, and (in nor- - 

mal operation) when FF on FF line 68 is high. In the REN 1 /PRS 

alternate mode of operation, writing is possible even REN1/ PRS lin e 48 is a dual-purpose input. In normal 

when FF on FF line 68 is low. The write clock operation, REN1 is a second read enable, and must be 

(WCLK) is normally 50% duty cycle, and can be asyn- 60 low to be abl e to read da ta out of the FIFO 10. If REN 1 

chronous or coincident with RCLK on RCLK line 46. is low when RESET on RESET line 54 goes low, then 

If the separation between the two clocks is less than the the FIFO 10 is put into its alternate mode of operation 

specified skew, flag assertion/de-assertion will be de- where the inhi bitin g effe ct ofthe flags is disabled. This 

layed an extra cycle. input the n become s PRS, a pointer reset with the same 

^r£ N 65 timin g as RESET, which when taken low, resets both 

the write and read pointers 24, 44 and counters to their 



When WENl is low on WENl line 28 and initial state, sets EF on EF line 66 and PAE on PAE line 
WEN2/LD is high (non-programmable mode), data is 70 to low, and sets FF on FF line and PAF on PAF line 
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72 to high, but does not affect the o ffset val ues in offset quency, low-inductance capacitance, and connected to 
register 76 or output register 18 as RESET would. a voltage supply plane for good noise immunity. 

REN2 GND 



When REN2 on REN2 line 50 is low, the reading of 5 One pin (not shown) is provided for the supply return 
data from the memory array 12 to the output register 18 at 0 volts. This pin should be connected to a ground 
is enabled from the location pointed to by the read return plane for good noise immuni ty 
point er 44 o n the rising ed ge of RCLK on RCLK line The core of the FIFO 10 is a dual-ported CMOS 
46, if REN1 is also low on REN1/PRS line 48 (in nor- RAM memory array 12 with associated write and read 
mal operation) and the FIFO 10 is not empty (in normal 10 pointers 24, 44 that are ring counters that keep track of 
operation). The data in the output register 18 is output the memory location to be written to or read from 
to the output data bus 64 when OE on OE line 62 is low. within memory array 12. The write and read pointers 
When the FIFO 10 is in the programmable mode and 24, 44 are independently incremented by the rising 
WEN2/LD on WEN2/LD li ne 30 is low, data is output edges of the write and read clocks appearing respec- 
to output data bus 64 when REN1 is low (in normal 15 tively on WCLK line 26 and RCLK line 46 when the 
operation) and REN2 is low. In the alternate mode of appropriate write or read enables are asserted. Writing 
operation, the state of EF on EF line 66 does not affect and reading can be done simultaneously, although for 
the ability to read from the FIFO 10. proper flag operation, the skew time specifications be- 
0= tween the write and read clocks must be observed. The 
20 data is input to FIFO 10 on a nine-bit input data bus 14 

When OE on OE line 62 is low, the data output pins, and is clocked into the input register 16 on the rising 
Q8-Q0 of output data bus 64, are active. When OE is edge of write clock appearing on WCLK line 26 and 
high, the data output pins of output dta bus 64 are high- then transferred to the memory location of memory 
impedance or three-state. array 12 pointed to by the write pointer 24, which is 

25 incremented after each write cycle. When loading the 
offset values of the programmable almost empty flag 

When EF on EF line 66 goes low, it indicates that the and programmable almost full flag, the input data bus 14 
read and write cycle counts are equal. The assertion and is directed to the offset register 36 instead of the input 
de-assertion of EF is synchronized to the rising edge of register 16, and the almost empty and almost full offset 
RCLK on RCLK line 46. In normal operation, if EF is 30 values are loaded in four successive write clock cycles, 
low, reading from the FIFO 10 is inhibited. In the alter- Data loaded into memory array 12 is available for read- 
nate mode of operation, the state of EF does not affect ing with the data first clocked into the output register 18 
the ability to read data out of the FIFO 10. and then to the output data bus 64 on the next clock 

cycle. The first data written after FIFO 10 is empty is 
35 available on the first rising edge of the RCLK signal on 

When PAE on PAE line 70 is low, the difference RCLK line 46 after the signal on EF line 66 goes high, 
between the read and write cycle counts is less than the Each rising edge of the read clock then outputs the data 
offset programmed into the offset register 36. If no from the memory locations of memory array 12 in suc- 
offset has been stored, the default value for ass ertion is cession, incrementing the read pointer 44 after each 
empty +7. The assertion and de-assertion of PAE is 40 read cycle. The write control logic 22 and read control 
synchronized to the rising edge of RCLK on RCLK logic 42 determine which operations take place. The 
line 46. output buffer 60 goes three-state when signal on OE line 

62 is high to permit wire-ORing. 
The flag logic 34 controls the assertion of the full, 

When PAF is low, the difference between the read 45 empty and programmable almost full and programma- 
and write cycle counts is greater than the maximum ble almost empty flags appea ring r espectively on EF 
value minus the offset programmed into the offset regis- line 66, FF line 68, PAE line 70, PAF line 72. These flags 
ter 36. If no offset has been stored, the default value for are controlled by separate write cycle and read cycle 
assertion is full — 7, where full is the size of the FIFO 10 counters which keep track of how many cycles of each 
mem ory array 12. The assertion and de-assertion of 50 have occurred. When the write cycle count and the 
PAF is synchronized to the rising edge of WCLK on rea d cycle count are equal, the empty flag is asserted on 
WCLK line 26. EF line 66. When the write cycle count exceeds the read 
= cycle count by the size of the memory array 12 of FIFO 
10, then the full flag is asserted on FF line 68. The al- 

When FF on FF line 68 goes low, it indicates that the 55 most empty flag asserts when the write cycle count is 
read and write cycle counts are separated by a value less than the almost empty offset ahead of the read cycle 
equal to the size of the FIFO 10 memory array 12. The count The almost full flag asserts when the difference 
assertion and de-assertion of FF is synchronized to the between the write cycle count and the read cycle count 
rising edge of WCLK on WCLK line 26. In normal is greater than the size of the FIFO 10 minus the almost 
operation, if FF is low, writing to the FIFO 10 is inhib- 60 full offset 

ited. In the alternate mode of operation, the state of FF In a normal mode of operation for FIFO 10, when the 
does not affect the ability to write data into the input memory array 12 is empty, reads are inhibited. When 
register 16. the memory array of FIFO 10 is full, writes are inhib- 

vr _, ited. These inhibits may be disabled by selecting the 

* .65 alternate mode of operation during a reset, where the 

One pin (not shown) is provided for a +5.0 ±0.5 writing to, and reading from FIFO 10 are not inhibited 
power supply. This pin should be properly by-passed to by full or empty status as indicated by the flags appear- 
ground with both a bulk capacitance and a high-fre- ing on FF line 68 and EF line 66. As will be more fully 
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described hereinafter, this mode is useful when it is There are four flags available to the user to signal the 
desired to read only a portion of the contents of FIFO internal status of the FIFO 10, the full flag appearing on 
10 and modify the contents with new input data prior to FF line 68, the empty flag appearing on EF line 66, the 
reading out the entire contents. programmable almost full flag appearing on PAF line 72 

Multiple write and read enables are provided to give 5 and t he programmable almost empty flag appearing on 
flexibility and device selection, particularly when the PAE line 70. The full flag signal on FF line 68 goes low 
devices are in a width or length expansion mode. One of when the read pointer 44 and the write pointer 24 are 
the write enables is also used to load the offset register separated by distance equal to the size of the memory 
36 and one of the read enables is used to put FIFO 10 array 12 of the FIFO 10. In normal operation, when the 
into its alternate mode of operation. 10 signal on FF line 68 goes low, further writes are inhib- 

The input register 16 receives the data from the input ited until at least one read cycle has occurred. The 
data bus 14 on the rising edge of the w rite cloc k. It is empty flag signal appearing on EF line 66 goes low 
unable to receive data when the signal on WEN1 line 28 when the read pointer 44 and the write pointer 24 are at 
is low and WEN2/LD appearing on WEN2/LD line 30 ^ 831116 memory location. In normal operation, when 
is high (in non-programmable mode) and when the 15 signal on EF line 66 goes low, further reads are inhibited 
signal on FF line 68 is high (in normal mode). The data at least one wnte cvcle has occurred, 

is then forwarded to the memory array 12 at the loca- In the alternate mode of operation, the flag assertion 
tion specified by the write pointer 24. The output regis- does not the ability to read or write, which per- 

ter 18 receives the data from the memory array 12 on f ts overwriting the contents of memory array 12 be- 
the rising edge of the read clock from the memory 20 fore *W™ re f:] tt this alternate mode the user is 
location specified by the read pointer 44. It is unable to WnsMe for deciding the meaning of full or empty 
receive date from memory when the signal RENT on fla S s !f set f a "fcates the differ- 

n-v,. /Hoc i- »o ■„ i„... r. «i „„j ence between the wnte and read counters, which is now 

RENl/PRS line 48 is low (m normal mode) and signal ^ , . . , . ' , 

— _.„. .. ,„ . , , , =■= ._ , separate from the location of the wnte and read pointers 

REN2 on REN2 hne 50 is low and when the EF signal 2 5 24 44 

on EF line 66 is high (in normal mode) For the first data ^ b|e fl and 

written when the memory array u arifUHi is mable full 

flags are not programmed, the value at 

empty, the data is available on the first rang edge of which the almost empty flag will go low on PAE line 70 
RCLK appearing on RCLK hne 46 after the signd on b „ em ? me2 ^ ^ ^ locations left tQ fee 
EF hne 66 goes high, and is output when the signal on 3Q read (without ^ > the fl ^ 

OE hne 62 as low. A RESET to RESET line 54 sets the low> ^ ^ yalue >t which the fla | on 

output register 18 to all zeroes, while a pointer reset on Iine 72 ^ g0 low & « fu H-7," meaning there are 7 
RENl/PRS line 48 does not (m alternate mode). locations left to be written (without a read) before the 

The offset register 36 stores the offset values used by full flag will g0 low . At ^ next reset signal appearing 
the programmable almost empty and almost full flags of 35 on reset line 54, the offsets in offset register 36 will 
flag logic 34. The programmable mode is selected if the return to default va i ue> ^ the FIFO 10 will re _ 
signal o n WEN2/L D line 30 is low when signal the turn t0 ^ n0 n- P rogrammable operation unless the 
RESET on RESET line 54 also goes low. If not selected signal WEN2/LD is held low when the signal on reset 
or not loaded, the offsets default to "7." In the program- ^ e 54 goes j ow 

mable mode, the offset values will b e set when both 40 The alternate mode of oper ati on for FIFO 10 is se- 
WEN2/LD and the signal on WEN1 line 28 are low, lected when ^ signal REN1 on RENl/PRS line 48 is 
which allows the data on the input data bus 14 (D8 is ]ow the signal on RESET line 54 goes low. In this 
not used), to be clocked into the offset register 36 on moc je of operation, the flags will assert, but the assertion 
four successive rising edges of the signal on WCLK line 0 f the full flag will not inhibit further write cycles to the 
26. In the programmable mode, the data stored in the 45 memory array 12 of the FIFO 10, but will overwrite the 
offset register 36 can be read out to the output data bus ,j ata previously written. Also, the assertion of the empty 
64 (Q8 is not used) on four successive rising edges of the fl ag appearing on EF line 66 will not inhibit further read 
signal on RCLK li ne 46 when WEN2/LD is low and cycles from the memory array 12 of the FIFO 10, but 
both the si gnal on RENl/PRS line 48 (in the normal w m re-read previously-stored data. This is of use when 
mode) and REN2 line 50 are low and the signal on OE 50 the contents of the FIFO 10 need to be altered prior to 
line 62 is low. The low order bits of the empty offset are being read out. As will be more fully described herein- 
loaded and read-first followed by the higher order bits, after, in an ATM application, the first five bytes, for 
if any, on the next cycle with the low order bits of the example, written into the memory array 12 of the FIFO 
full offset on the third cycle and the higher order bits, if 10 are read out, and then possibly re-written prior to the 
any, on the fourth cycle. The cycles then repeat in the 55 contents of the FIFO 10 being read out in its entirety, 
same order as long as there are rising clock edges and This can be easily accomplished by setting the FIF O 10 
signal WEN2/LD is low. The offset loading or reading into the alternate mode, and using the pointer reset PRS 
cycles can be interrupted by taking the signal to return the write and read pointers 24, 44 to the start- 
WEN2/LD high which will return the FIFO 10 to ing location without effecting any programmed offset 
writing or reading to memory array 12, but will resume 60 values in offset re gister 36. To remai n in the alter nate 
writing or reading to the offset register 36 where it left mode, the REN1 signal appearing on RENl/PRS line 
off when WEN2/LD is taken low again. The values 48 must b e held lo w when a logic low reset signal is 
stored in the o ffset register 36 will be reset at the signal applied to RESET line 54. 

when RESE T lin e 54 goes low (but not if the pointer Upon power up, FIFO 10 will normally come up in 
reset signal (PRS) goes low and in alternate mode) or 65 the non-programmable mode of operation (rather than 
they are reloaded by taking both the signals on WEN1 the programmable flag mode) and in normal mode 
line 28 and the signal WEN2/LD low and rewriting the (rather than the alternate mode). An initial FIFO 10 
values. reset, effectuated by asserting a logic low level on 
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RESET line 54, will set the write pointer 24 and read WEN2/LD is held low during the reset, the device 

pointer 44 to the first location in memory array 12, r eset returns to its non-pro grammable m ode of operation, and 

the write a nd re ad cycle counters, set the signal on EF unless the signal on REN1/PRS line 48 is held low 

line 66 an d PAE line 70 low, set the signal on FF line 68 during the reset, FIFO 10 returns to its normal mode of 

and PAF 72 high, set the output register 18 to all zeroes, 5 operation. A reset should be performed immediately 

and set the offset register 36 to its default value of "7." after power up to set FIFO 10 into a known state. 

When FIFO 10 is empty, the first data written to 

To set FIFO 10 into the programmable flag mode of memory array 12 is registered into the input register 16 

operation, the signal WEN2 /LD is h eld low while ap- and then flows into the location in memory pointed to 

plying a logic low signal to RESET line 54. The flag 10 by the write pointer 24. When FIFO 10 is empty, the 

offsets can then be loaded as previ ously di scussed. The data just stored will be available for read out on the next 

next logic low signal applied to RESET line 54 will rising edge of the signal appearing on RCLK line 46 

restore the default values of the offsets, and if the signal after the one that takes the signal on EF line 66 high. It 

WEN2/LD is high during the next reset, FIFO 10 will then will be read out to the output data bus 64 when 

be returned to the non-programmed mode. 15 signal on OE line 62 is low. 

To set FIFO 10 into the alternate mode of operation, With reference to FIG. 2, the FIFO 10 is a dual- 

which disables the inhibiting action of the full and ported memory device with separate read and write 

empty flags on the writing and reading ability, the pointer registers (not shown) which address the mem- 

REN1 signal on RE N1/PRS line 48 is held low while ory entry being written to or read from, along with a 

taking the signal on RESET line 54 low. In or der to 20 separate read counter 80 and write counter 82 which are 

remain in the al t ernat e mode of operation, the REN1 used to derive the empty and full flags. Both read and 

signal on REN1/PRS line 48 must be held low during write counters 80,82 are implemented using binary 

any reset. counters having one bit more that the power of two of 

A read cy cle occurs when both the R EN1 sig nal on the FIFO 10 depth. For example, a FIFO 10 having 

REN1/PRS line 48 (in normal mode) and REN2 line 50 25 2048 entries would have a read counter 80 and a write 

are low. On the rising edge of the signal on RCLK line counter 12 bits wide. The lower 11 bits of each such 

46, the data at the memory location of memory array 12 counter are fed to a comparator 84 which compares 

pointed to by the read pointer 44 is loaded into the each bit of the A input 86 with the corresponding bit of 

output register 18. The data is output to the output data the B input 88 and outputs a signal on A=B line 90 

bus 64 if the signal on OE line 62 is low. A constant 30 when those bits have equal values, meaning that the 

stream of data can be read from the memory array 12 on number of read cycles is equal to the number of write 

each rising edge of the signal RCLK with the read cycles. At this point, the FIFO 10 is either empty or 

pointer 44 and read cycle counter incremented after full, depending on the value of the 12th bits of the read 

each cycle. If FIFO 1 0 is in the programmable mode counter 80 and write counter 82 appearing on lines 92 

and the signal WEN2/LD is low, then the data output 35 and 94, respectively, which are fed to an exclusive-OR 

on output data bus 64 is from the offset register 36. Read gate 96. If they are of equal value, the FIFO 10 is 

cycles occur independently of write cycles, other than empty. If they are different, the FIFO 10 is full, 

the flag inhibiting action in the normal mode of opera- In normal operation, if the FIFO 10 is empty, read 

tion. cycles are inhibited and write cycles are enabled. If the 

A write cycle occurs when the signal on WEN1 line 40 FIFO 10 is full, write cycles are inhibited and read 

28 is low and the signal WEN2/LT5 is high (in non-pro- cycles are enabled. If the FIFO 10 is neither empty nor 

grammable mode) on a rising edge of the signal on full, both read and write cycles are enabled. For the 

WCLK line 26, and if FIFO 10 is not full (in normal alternate mode of operation, read and write cycles are 

mode). In this case, the data on input data bus 14 will be enabled all the time, so that the contents of the FIFO 10 

registered into the input register 16, and from there 45 can be altered irrespective of the number of read or 

transferred to the location in memory array 12 pointed write cycles. To implement this, a setup procedure is 

to by the write pointer 24. A constant stream of data can invoked at the tim e the FIFO 10 is reset. When the 

be written to memory array 12 on succeeding rising signal on R ESET line 54 is taken low, if the signal on 

edges of the signal on WCLK line 26 with the write REN1(PRS) line 48 is high, the_D-type flip-flop 98 Q 

pointer 24 and write cycle counter incremented after 50 output 99 goes high, and the Q output 97 goes low, 

each cycle. If, in the programmable mode of op eration, inh ibiting th e alt ernate mode of operation by allowing 

the signal WEN2/LD is low when the signal on WEN1 the EMPTY and FULL signals 95,93 to pass through to 

line 28 goes low, then the data on input data bus 14 will the read and write counters 80,82 respectively, using 

be loaded into the offset register 36 on the succeeding the OR gates 83,85 shown. If the EMPTY signal 95 is 

rising edges of the signal on WCLK line 26. In the 55 low, the read counter 80 will the n be inhibited by the 

alternate mode of operation of FIFO 10, the state of the EMPTY signal 95. If the FULL signal 93 is low, the 

signal on FF line 68 does not effect the ability to write write counter 82 wi ll be inhibited by the FULL signal 

into the input register 16. Write cycles occur indepen- 93. Also, the REN1(PRS) signal 48 will be inhibited 

dently of read cycles, other than the flag inhibiting from serving as a reset to the read and write counters 

action in the normal mode. 60 80,82 by another negative OR gate, but instead func- 

A reset cycle occurs when the signal on RESET line tions as an additional read enable signal to the read 

54 is taken low. When a reset is issued, the write and counter 80. 

read pointers 24, 44 are returned to the first location in If the signal on REN1(PRS) line 48 is low when the 

memory array 12, the output register 18 is set to all RESET signal is taken low during setup, then the D- 

zeroes, the write and read cycle counters are reset, 65 type flip-flop 98 Q output 99 goes low, and the Q out- 

which sets the empty and almost empty flags low and put goes high, setting the FIFO 10 into its alternate 

the full and almost full flags high. The offset register 36 mode of operation. In this case, the EMPTY and FULL 

is set to its default values, and unless the signal signals 95,93 are prevented from passing through to the 
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read and write counters 80,82 by the OR gates so that 
read cycles and write cycles are allowed to continue 
incrementing the read and write counters 80,82 irre- 
spective of the number of previous read and write cy- 
cles. This allows the FIFO 10 to function as an alterable 5 
buffer store because previously stored information can 
be read out, re-written, and read out again with new 
contents. Also, w hen th e alter nate mode of operation is 
set, the signal on REN1(PRS) line 48 is inhibited from 
funtioning as a read enable signal to the read counter 80 10 
by a negative AND gate, but functions as a separate 
reset to the read and write counters 80,82 and the read 
and write poi nter regi sters (not sh own) . As opposed to 
the signal on RESET line 54, this PRS signal does not 
reset the D-type flip-flop 98 that determines whether 15 
the FIFO 10 is in alternate or normal mode of opera- 
tion, nor does it reset the flag offset registers used to 
implement the programmable almost empty and almost 
full flags (not shown). Thus, the altera ble buffer store 
function is facilitated by using the PRS signal as a reset, 20 
because the setup of the FIFO 10 is not effected as it 
would be by using the signal on RESET line 54. 

With reference now to FIG. 3, an expanded width 
FIFO 76 is shown. Expanded width FIFO 76 incorpo- 
rates two FIFOs 10 as previously described with re- 25 
spect to FIG. 1. Further, with respect to expanded 
width FIFO 76 as illustrated in FIG. 3, like structure to 
that above-described with respect to FIG. 1 is like num- 
bered, and the foregoing description thereof shall suf- 
fice herefor. 30 

In the example shown in FIG. 3, two input data buses 
14 may be combined to a width of 18 bits or to any 
multiples of 8 or 9 as may be required. Utilizing the dual 
write and read enable signals of FIFO 10, along with 
separate count down clocks, data from an 8 or 9 bit bus 35 
can be stored in whatever width desired, and then re- 
interleaved back into an 8 or 9 bit format on output data 
buses 64 to allow the use of slower FIFO's 10 on fast 
data buses. 

With reference now to FIG. 4, an ATM FIFO 100 is 40 
shown. ATM FIFO 100 incorporates a number of 
FIFO's which have been previously described with 
respect to the embodiments of FIGS. 1 and 3. ATM 
FIFO 100 comprises, in pertinent part, a first FIFO 102, 
second FIFO 104 and third FIFO 106 having their 45 
outputs applied to buffer 118 on respective output buses 
142, 144 and 146. Output of buffer 118 is supplied on 
output data bus 110 and bus 148 to multiplexer 120. 

Multiplexer 120 communicates with local area net- 
work content addressable memory ("LANCAM") 122 50 
by means of LANCAM bus 128. LANCAM 122 is 
driven by state machine 124 through state machine 
output 126 as will be more fully described hereinafter. 
Multiplexer 120 also provides an output on internal data 
bus 130 for input to cyclical redundancy check 55 
("CRC") generator/check circuit 132. The output of 
CRC generator/check circuit 132 appearing on CRC 
data bus 134, in conjunction with internal data bus 130 
comprise a modification data bus for input to multiplex- 
ers 112, 114 and 116 for respective input to first FIFO 60 
102, second FIFO 104 and third FIFO 106 on input 
buses 136, 138 and 140 respectively. An additional input 
to multiplexers 112, 114 and 116 is supplied on input 
data bus 108 as shown. 

The data switching system comprising ATM FIFO 65 
100 shown in FIG. 4 is a cell-switching technology 
which will allow voice, video and data communication 
by the use, for example, of 53 byte interleaved cells. The 
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first 5 bytes comprise the cell header which contain 
address information along with an 8 bit CRC code. 
These cells are combined into frames of varying formats 
and lengths depending upon the physical transmission 
system. Presently, CCITT calls for ATM frequencies of 
155 Mbps and 622 Mbps. Specifications have been gen- 
erated to cover SONET at 155.52 Mbps, DS-3 at 44,736 
Mbps, 100 Mbps (FDDI-like) and 155.52 Mbps (FDDI- 
like). The 622 Mbps service is currently not defined. 
Present implementation at 155.52 Mbps (19.44 Mbps), 
results in a 51.44 ns byte clock, or a 102.88 ns 16-bit 
word clock. Current research and development work at 
622.08 Mbps would use a 12.86 ns byte clock, or a 25.72 
ns 16-bit word clock. 

In an ATM switch comprising ATM FIFO 100, the 
header address may need to be replaced by a new value 
corresponding to the next hop in the network, requiring 
verification of the CRC value, compares on 24 or 28 bits 
of data, the substitution of a new address value, and 
recalculation of the CRC value within the cell time in 
order to operate on something approaching "real time." 
A representative ATM header processing system com- 
prising ATM FIFO 100 that will function up to 155 
Mbps "real time" is shown in FIG. 4 and uses a series of 
FIFOs 10 as previously described with respect to FIGS. 
1 and 3, operating in their alternate mode. LANCAM 
122 may be conveniently supplied as a MUSIC Semi- 
conductors, Inc. MU9C1480 device which performs the 
compare operation against a stored data base and out- 
puts the new address value to be inserted in the cell. 

The alternate mode of operation for the FIFOs 10 
previously described, allows the cell header to be over- 
written prior to being read out to its destination. In this 
mode, the inhibiting function of the full and empty flags 
is disabled to allow the user total control and responsi- 
bility over the data in the FIFO 10 memory. Extending 
the system to handle 622 Mbps can be done by increas- 
ing the width of each FIFO 10 as described with respect 
to expanded width FIFO 76 of FIG. 3. 

In operation, ATM FIFO 100 functions such that 
while one of first, second or third FIFO's 102, 104, 106 
FIFO is receiving input data, another is processing the 
header, while a third is reading the modified cell out to 
the destination. This can be accomplished with only a 
two-cell delay using this approach, rather than a frame 
delay if the entire frame were stored and then pro- 
cessed. This can be accomplished with the alternate 
mode of operation where the write and read pointers 
can be incremented and reset without inhibiting the 
ability to write or read as happens under normal FIFO 
operation. 

With respect to the embodiment shown in FIG. 4, 
while first FIFO 102 is writing in one 53 bit cell, second 
FIFO 104 is reading out the first five bytes of the cell, 
where the first four bytes go to the LANCAM 122 for 
a compare operation, while all five bytes go to the CRC 
generator/check circuit for verification. At this point, 
the read and write pointers of the second FIFO 104 are 
reset to zero. Assuming the CRC generator/check cir- 
cuit 132 verifies the header integrity, and the LAN- 
CAM 122 finds a valid match in its database, the LAN- 
CAM 122 outputs a new four byte address value which 
overwrites the first four bytes of the header, and then 
the CRC generator/check circuit 132 provides the fifth 
byte, a new CRC code, to overwrite the old value. At 
this point, the read and write pointers of second FIFO 
104 are reset to zero in preparation for reading out the 
modified cell, and one read clock is issued to load the 
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first byte into the output register of second FIFO 104. If 
there is not a match, then the header is not rewritten, 
and the cell is not read out, but is overwritten in the next 
write cycle. Simultaneously, third FIFO 106 is reading 
out the entire 53 byte modified cell. 5 

As the next cell comes in, the data on input data bus 
108 is directed to the next FIFO in rotation which just 
completed reading out its modified cell, and the remain- 
ing FIFO becomes the device to read out its modified 
cell. Thus the second cycle is first FIFO 102 does the '0 
processing described with respect to second FIFO 104, 
second FIFO 104 is reading out the entire 53 byte modi- 
fied cell, and third FIFO 106 is writing in a 53 byte cell. 

The rotation is completed on the third cycle where 
first FIFO 102 is reading out the entire 53 byte modified 15 
cell, second FIFO 104 is writing in a 53 byte cell and 
third FIFO 106 does the processing above-described in 
the first cycle for second FIFO 104. 

While there have been described above the principles 
of present invention in conjunction with specific appa- 
ratus, it is to be clearly understood that the foregoing 
description is made only by way of example and not as 
a limitation to the scope of the invention as described in 
the following claims. 

What is claimed is: 

1. A first-in first-out memory device including a 
memory array, said device having input and output 
registers thereof respectively coupling an input data bus 
and an output data bus of said device to said memory 3Q 
array, said device comprising: 

write control logic responsive to a write enable signal 
for transferring data on said input data bus to said 
input register for writing to a first predetermined 
location in said memory array; 35 

read control logic responsive to a read enable signal 
for transferring data from a second predetermined 
location in said memory array to said output regis- 
ter for reading on said output data bus; 

flag logic responsive to said write control logic and ^ 
said read control logic for indicating when said 
memory array is full or empty; 

first means for inhibiting said write control logic and 
said read control logic in response to a respective 
full or empty indication from said flag logic; and 45 

second means for enabling said write control logic 
and said read control logic despite said respective 
full or empty indication from said flag logic. 

2. A first-in first-out memory device having a mem- 
ory array, said device including write control logic 50 
responsive to a write enable signal for transferring data 
on an input data bus to an input register for writing to a 
first predetermined location in said memory array and 
read control logic responsive to a read enable signal for 
transferring data from a second predetermined location 55 
in said memory array to an output register for reading 
on an output data bus, said device further including flag 
logic responsive to said write control logic and said 
read control logic for indicating when said memory 
array is full or empty, said write control logic and said 60 
read control logic being inhibited in response to a re- 
spective full or empty indication from said flag logic, 
the improvement comprising, in combination: 

means for enabling said write control logic and said 
read control logic despite said respective full or 65 
empty indication from said flag logic. 

3. A data switching system coupled between an input 
data bus and an output data bus, said system including a 



plurality of memory devices in which data may be se- 
lectively modified in any of said devices comprising: 

a first memory device coupled to said input data bus 
for writing in input data to a first memory array; 

a second memory device coupled to a modification 
data bus for overwriting selected data in a second 
memory array with modified data substantially 
concurrently with the writing in of the input data 
to the first memory array of said first memory 
device; and 

a third memory device coupled to said output data 
bus for reading out output data from a third mem- 
ory array to said output data bus substantially con- 
currently with the overwriting of the selected data 
in the second memory array of said second mem- 
ory device. 

4. The data switching system of claim 3 further com- 
prising: 

a multiplexer system selectively coupling said input 
and modification data buses to said first, second 
and third memory devices, said multiplexer system 
coupling said input data bus and said modification 
data bus to said first and second memory devices 
respectively at a first predetermined time, to said 
third and first memory devices respectively at a 
second predetennined time and to said second and 
third memory devices respectively at a third prede- 
tennined time. 

5. A data switching system coupled between an input 
data bus and an output data bus, said system including a 
plurality of memory devices in which data may be se- 
lectively modified in any of said devices comprising: 

means for writing in data from said input data bus to 

a first memory device; 
means for modifying data in a second memory device 

substantially concurrently with the writing in of 

the data from said input data base by said means for 

writing; and 

means for reading out data from a third memory 
device to said output data bus substantially concur- 
rently with the modifying of the data in the second 
memory device by said means for modifying. 

6. A method for data switching between an input data 
bus and an output data bus comprising the substantially 
concurrent steps of: 

writing in a first cell of data from said input data bus 

to a first memory device; 
modifying a second cell of data in a second memory 

device; and 

reading out a third cell of data from a third memory 
device to said output data bus. 

7. The method of claim 6 further comprising the steps 
of: 

secondly modifying the first cell of data in said first 

memory device; 
secondly reading out the second cell of data from said 

second memory device once modified during said 

step of modifying to said output data bus; and 
secondly writing in a fourth cell of data from said 

input data bus to said third memory device. 

8. The method of claim 7 further comprising the steps 
of: 

thirdly reading out the first cell of data from said first 
memory device once modified during said step of 
secondly modifying to said output data bus; 

thirdly writing in a fifth cell of data from said input 
data bus to said second memory device; and 

thirdly modifying the fourth cell of data in said third 
memory device. 
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